In order to recover cesium tetraborate pentahydrate (Cs 2 O·2B 2 O 3 ·5H 2 O) from the high concentration cesium-containing salt lake brines and geothermal water resources, the molar heat capacity of Cs 2 O·2B 2 O 3 ·5H 2 O has been measured with a precision calorimeter at the temperature from 303 to 349 K. It was found that there is no phase transition and thermal anomalies. e molar heat capacity of cesium tetraborate pentahydrate is fitted as C p,m (J·mol −1 ·K −1 ) � 593.85705 + 48.0694[T − (T max + T min )/2]/ (T max − T min )/2] + 24.86395[(T − (T max + T min )/2)/(T max − T min )/2] 2 + 0.53077[(T − (T max + T min )/2)/(T max − T min )/2] 3 , and the relevant thermodynamic functions of enthalpy, entropy, and Gibbs free energy of cesium tetraborate pentahydrate are also obtained at intervals of 2 K from 303 to 349 K.
Introduction
e demands for cesium and its compounds have been sharply increased for their excellent properties and crucially commercial values in recent years [1] . Cesium ion with the biggest hydration in the periodic table determines its prominent properties and applications, such as large solubility and weak hydration in alkali borates. In addition, cesium compounds are applied in many modern high-tech fields owing to tremendous actinochemistry and excellent photoelectrical effect, and cesium borates also serve as the basic materials in new hybrid nonlinear optical materials [2] . Cesium resources were distributed and dispersed in the crust, associated with other minerals [3] ; hence, the study of thermodynamic properties for cesium borates was necessary for synthesizing materials and extracting cesium borates from salt lake brines.
Heat capacity is a significant parameter to study the chemical engineering thermodynamics, which reflects the ability of matter to absorb or release heat without phase change [4] , and it is beneficial to optimize the process route and improve the separation technology. ere have been reported on the standard molar enthalpy of formation as well as the thermodynamic properties of aqueous solutions of Cs 2 O·2B 2 O 3 ·5H 2 O with the group contribution method [5] . Sun [2] also accurately determined its density, electrical conductivity, and pH at 298.15 and 333.15 K. e crystal structure of Cs 2 O·2B 2 O 3 ·5H 2 O has been analyzed from single-crystal X-ray diffraction [6] . Zhang et al. [7] measured the molar heat capacity of aqueous Li 2 B 4 O 7 solution with a precision automated adiabatic calorimeter from 80 to 356 K, and the heat capacity of lithium pentaborate pentahydrate has been reported previously in the range from 297 to 375 K using the SETARAM BT 2.15 adiabatic calorimeter [8] . However, there is no report on the molar heat capacity of solid minerals of Cs 2 B 4 O 7 ·5H 2 O in the literature till now.
In this paper, in order to make full use of Cs 2 O·2B 2 O 3 ·5H 2 O as well as its potential value, the heat capacity of cesium tetraborate pentahydrate was measured in the range 303 to 349 K, and the relevant thermodynamic functions of enthalpy, entropy, and Gibbs free energy were also carried out for the first time.
Experimental

Synthesis of Cs
e compound of Cs 2 O·2B 2 O 3 ·5H 2 O was synthesized according to the literature [9] . Brie y, a certain amount of H 3 BO 3 , Cs 2 CO 3 , and deionized distilled water (DDW) was added accurately in a beaker, and then heated at 323.15 K and stirred for at least more than 30 min at 150 rpm until dissolved completely. en, the solution was ltered in an attemperator, and the clear solution was crystallized in a thermostat water bath at 303 K. Finally, the solid phase was separated after washing three times with DDW and absolute ethyl alcohol separately, and then dried in a desiccator before use.
2.2.
Identi cation and Analytical Methods of
e power X-ray di raction pattern of the synthesized compound in Figure 1 was obtained by using a PERSEE XD-3 polycrystalline X-ray di ractometer with Cu-Kα radiation at 4 min −1 , which corresponds to Cs 2 O·2B 2 O 3 ·5H 2 O. TG and DSC were characterized by using a SETARAM LABSYS thermal analyzer under an N 2 atmosphere with a heating rate of 10 K·min −1 from 298.15 to 823.15 K. e TG-DSC curve in Figure 2 shows that the weight loss of 17.42% corresponds to the loss of ve water molecules, which is in good agreement with the calculated value of 17.60%. e concentration of B 2 O 3 was determined by the gravimetric method with sodium hydroxide standard solution in the presence of mannitol and double indicator of methyl red and phenolphthalein, and the uncertainty of the results was less than 0.0005 in mass fraction [10] . e cesium ion content was obtained by using an inductively coupled plasma optical emission spectrometer (Prodigy, Leman Corporation, America) with a precision of ±0.005 in mass fraction. e H 2 O content was analyzed by the di erential subtraction. e chemical analysis results are shown in Table 1 .
e results, along with X-ray power di raction analysis and TG curve, show that the compound has high purity and is suitable for thermodynamic experiments.
Calorimetry and Experiment
Method. e highprecision SETARAM LABSYS (France) was used for heat capacity experiment, which requires three groups of experiments, namely, blank experiment, reference experiment and sample experiment, and alumina as reference experiment. To verify the performance, the heat capacity of KCl was measured, and the average experimental value for ve times of 0.6860 J·g −1 ·K −1 was in accordance with 0.6879 J·g −1 ·K −1 reported in the literature [11] , for which the deviation was 0.0028. e heat capacity of sample was carried out in the range 303 to 349 K with a heating rate of 1 K/min, putting about 250 mg of samples in the crucible weighted with an accuracy of 0.00001 g, and the ow rate of N 2 was 20 mL/min.
Results and Discussion
Heat Capacity.
e heat capacity of sample was measured in the range 303 K to 349 K with a heating rate of 1 K/min using the calorimeter with the standard uncertainty 0.05 J·mol −1 ·K −1 . e resulting molar heat capacity of Cs 2 O·2B 2 O 3 ·5H 2 O is listed in Table 2 and shown in Figure 3 . It can be seen from Figure 3 that the speci c heat capacity gradually increases with the increase of temperature, increases slowly from 303 to 330 K, and increases fast after 330 K. No phase change was observed within the temperature range of the experiment and no other thermal abnormalities occurred.
For the sake of observing the heat capacity data and getting a heat capacity at a temperature quickly, the molar heat capacity of Cs 2 O·2B 2 O 3 ·5H 2 O obtained from the experiment was tted, which can be expressed in the following polynomial equation (1) with the correlation coe cient r 0.9987 and be drawn in Figure 3 . Figure 4 .
Enthalpy, Entropy, and Gibbs Free
Energy. e thermodynamic functions of Cs 2 O·2B 2 O 3 ·5H 2 O were obtained by the following thermodynamic equations: 
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e values of the molar heat capacity and thermodynamic functions of (H T − H 303 ), (S T − S 303 ), and (G T − G 303 ) are listed in Table 3 at an interval of 2 K. As can be seen from Table 3 , the molar heat capacity and thermodynamic functions of (H T − H 303 ) and (G T − G 303 ) are increased with the rise of temperature, but the entropy (S T − S 303 ) is decreased.
Conclusions
e heat capacity of cesium tetraborate pentahydrate was measured ranging from 303 to 349 K with a heating rate of 1 K/min using the high-precision calorimeter without phase transition and thermal anomaly, which were fitted and shown as C p,m (J·mol −1 ·K −1 ) � 593.85705 + 48.0694[T − (T max + T min )/2]/ (T max − T min )/2] + 24.86395[(T − (T max + T min )/2)/(T max − T min )/ 2] 2 + 0.53077[(T − (T max + T min )/2)/(T max − T min )/2] 3 . e molar heat capacity and thermodynamic functions of (H T − H 303 ), (S T − S 303 ), and (G T − G 303 ) are obtained with the temperature of 2 K interval.
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